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ABSTRACT 
A m o t i v a t i o n i s g i ven to i n t r o d u c e i n -
d e f i n i t e d e s c r i p t i o n s . Par ts o f a d e s c r i p -
t i o n language are p r e s e n t e d . Mechanisms 
for the i n t e r p r e t a t i o n o f i n d e f i n i t e de-
s c r i p t i o n s are b r i e f l y d i s c u s s e d . 
KEYWORDS : Knowledge r e p r e s e n t a t i o n , AI 
p rogramming l a n g u a g e s , o b j e c t - o r i e n t e d 
s y s t e m s , d e s c r i p t i o n l a n g u a g e s , r e a s o n i n g , 
c o n s t r a i n ! p r o p a g a t i o n . 
1. INTRODUCTION 
A form in LISP or a term in PROLOG can 
be v iewed as a d e s c r i p t i o n , i . e . an expres-
s ion wh ich r e f e r s to an e n t i t y in a domain 
of d i s c o u r s e . Forms and te rms are both de-
f i n i t e d e s c r i p t i o n s . They are s u b j e c t to 
two r e s t r i c t i o n s 
( i ) The un iqueness c o n d i t i o n : A desc rip-
l i o n may onJy denote a un ique r e f e r e n t , i t 
cannot be amb iguous . For exampJe , (Fat her 
John) is a l l o w e d because John can on ly 
have one f a t h e r , but ( B r o t h e r John) is not 
a l l o w e d because John may have more than 
one b r o t h e r and i t is t h e r e f o r e not c l e a r 
which one is i n t e n d e d . 
( i i ) The c o m p u t a b i l i t y c o n d i t i o n : when 
the r e f e r e n t of a d e s c r i p t i o n is needed 
d u r i n g i n t e r p r e t a t i o n , i t shou ld be com-
p u t a b l e . For examp le , the e x p r e s s i o n 
( F a t h e r John) must be computab le when it 
i s needed o t h e r w i s e an e r r o r c o n d i t i o n 
oc cur s. 
V a r i a b l e s can a lso be v iewed as d e s c r i p -
t i o n s . T y p i c a l l y , the un iqueness and com-
p u t a b i l i t y c o n d i t i o n s ho ld fo r then too : 
a v a r i a b l e may have on ly one va lue ( w i t h i n 
a g i ven env i r onmen t of cou rse ) and the 
va lue shou ld be r e t r i e v a b l e when needed , 
o t h e r w i s e an e r r o r c o n d i t i o n (unbound 
v a r i a b l e ) r e s u l t s . 
D e s c r i p t i o n s t h a t may have more than 
one p o s s i b l e r e f e r e n t or whose r e f e r e n t is 
not compu tab le at the t ime it is needed 
are c a l l e d i n d e f i n i t e . We want to deve lop 
a system where d e f i n i t e as w e l l as i n d e f i -
n i t e d e s c r i p t i o n s can be used . 
For e x a m p l e , (Greater than 10 ) , wh ich de-
notes an unknown number g r e a t e r than 10, 
or ( D i v i s o r 12) , wh ich deno tes a d i v i s o r 
o f 12, i . e . 1 , 2 , 3 , ^ , 6 o r 12, are i n d e f i n i t e 
d e s c r i p t i o n s wh ich would be a l l o w e d in the 
s y s t e m . Note t h a t the c o n j u c t i o n o f (Grea-
t e r t h a n 10) and ( D i v i s o r 12) u n i q u e l y r e -
f e r s to 12. In o the r wo rds , the c o n j u n c t i o n 
o f i n d e f i n i t e d e s c r i p t i o n s may be d e f i n i t e . 
A d e f i n i t e d e s c r i p t i o n p r o v i d e s a d e t e r -
m i n i s t i c method to compute the r e f e r e n t 
when needed . An i n d e f i n i t e d e s c r i p t i o n ex-
p resses a c o n s t r a i n t on i t s r e f e r e n t . Com-
p u t a t i o n with i n d e f i n i t e d e s c r i p t i o n s c o n -
s i s t s o f o p e r a t i o n s over c o n s t r a i n t s . For 
examp le , ( G r e a t e r t h a n 10) exp resses the 
c o n s t r a i n t t h a t the r e f e r en t has to s a t i s -
fy the p r e d i c a t e ( lambda (X) (> 10 X ) ) . 
( D i v i s o r 12) i n t r o d u c e s the c o n s t r a i n t t h a t 
the r e f e r e n t has to be a member of ( 1 , 2 , 3 , 
)< , 6 , 1 2 ) . The p r e d i c a t e can be a p p l i e d to 
f i l t e r members out o f t h i s s e t , so t h a t tho 
c o n j u n c t i o n o f the two d e s c r i p t i o n s y i e l d s 
12 . 
In r ecen t yea rs t h e r e have been some 
p r o p o s a l s t h a t are r e l e v a n t to t h i s researdi 
Concepts l i k e lazy e v a l u a t i o n (Henderson 
and M o r r i s , 1976) , or f u t u r e s (Hewi1 1 , 1 977 ) 
make i t p o s s i b l e to de lay e v a l u a t i o n u n t i l 
needed o r u n t i l s u f f i c i e n t i n f o r m a t i o n i s 
a v a i l a b l e . 
The concept of a l o g i c a l v a r i a b l e as 
used in PROLOG ( K o w a l s k i , 1977) can be v i e -
wed as a way to r e l a x the c o m p u t a b i l i t y 
c o n d i t i o n , because a l o g i c a l v a r i a b l e can 
be used even though i t s r e f e r e n t is not 
known or on ly p a r t i a l l y known. Note however 
t h a t a l o g i c a l v a r i a b l e can be bound to 
only one o b j e c t at the t i m e , wh ich would 
make it necessary to b a c k t r a c k 5 t i m e s be-
fo re 12 y i e l d s a s u c c e s s f u l match in the 
p r e v i o u s example (but see K o r n f e l d , 1983) . 
Because the e v a l u a t i o n p rocess needed 
t o dea l w i t h i n d e f i n i t e d e s c r i p t i o n s r e -
sembles t e c h n i q u e s used to implement c o n -
s t r a i n t p r o p a g a t i o n , t h e r e are some i n t e -
r e s t i n g r e l a t i o n s t o c o n s t r a i n t l anguages 
as w e l l ( c f . B o r n i n g ( 1 9 8 O ) , S tee le and 
Sussman ( 1 9 8 0 ) 
There are fou r m o t i v a t i o n s for s t u d y i n g 
i n d e f i n i t e d e s c r i p t i o n s . F i r s t they can b e 
i n c o r p o r a t e d i n o r d i n a r y p rogramming l a n -
guages , p a r t i c u l a r l y i n o b j e c t - o r i e n t e d 
languages i n wh ich d e f i n i t e d e s c r i p t i o n s 
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a l r e a d y p lay an i m p o r t a n t r o l e . Second they 
can be i n c o r p o r a t e d in knowledge r e p r e s e n -
t a t i o n l a n g u a g e s , p a r t i c u l a r l y i n the r e -
cent g e n e r a t i o n o f d e s c r i p t i o n l anguages 
(see e . g . Winograd ( 1 9 8 2 ) , A t t a r d i and 
Simi ( 1982) ) . 
T h i r d , because i n d e f i n i t e d e s c r i p t i o n s 
f e a t u r e p r o m i n e n t l y i n n a t u r a l l a n g u a g e , 
the r e l a t i o n between f o r m a l l anguages and 
n a t u r a l l anguages p rom ises to become more 
t r a n s p a r e n t . F i n a l l y , i n d e f i n i t e d e s c r i p -
t i o n s can be used as a component of query 
l anguages for d a t a b a s e s . It would make it 
p o s s i b l e t h a t a user s u p p l i e s c o n s t r a i n t s 
i n the form o f i n d e f i n i t e d e s c r i p t i o n s 
to r e f e r to an o b j e c t in the database- . 
In t h i s sho r t paper a f u l l t r e a t m e n t o f 
the d e s c r i p t i o n system i s i m p o s s i b l e . I n -
s tead we on ly i n t r o d u c e some bas ic l i n -
g u i s t i c c o n s t r u c t s and ment ion some proper 
t i e s o f the e v a l u a t i o n mechan ism. 
1. DOMAIN VS. REFERENT 
The f i r s t key idea is t h a t we make a 
d i s t i n c t i o n between the domain of a des -
c r i p t i o n and i t s r e f e r e n t . The r e f e r e n t 
is the e lement denoted by the d e s c r i p t i o n . 
The domain is the set of p o s s i b l e e lemen ts 
out of wh ich the r e f e r e n t has to be cho-
sen . For the d e s c r i p t i o n ' u n e v e n ' the 
domain is the set of uneven numbers and 
the r e f e r e n t is an e lement out of t h i s 
set - a l t h o u g h it is unknown wh ich one. 
The domain of ' t h e b r o t h e r of J o h n ' is 
equa l to a l l b r o t h e r s o f J o h n . The r e f e -
ren t is one e lement out of t h i s s e t . 
The d i s t i n c t i o n between domain and r e -
f e r e n t a l l o w s the c o n s t r u c t i o n o f a c l e a r 
s e t - t h e o r e t i c s e m a n t i c s fo r a d e s c r i p t i o n 
l a n g u a g e . By making i t p o s s i b l e to g ive 
p a r t i a l d e s c r i p t i o n s o f the d o m a i n , i t 
r a i s e s the e x p r e s s i v e Power of the language 
Also the e x p l i c i t r e p r e s e n t a t i o n o f c o n -
s t r a i n t s on the domain makes the d e d u c t i o n 
more p o w e r f u l . Of ten we know a l o t about 
the domain of a d e s c r i p t i o n but not i t s 
r e f e r e n t . By o p e r a t i n g a t the l e v e l o f 
doma ins , we can somet imes reduce the 
domain u n t i l i t i s a s i n g l e t o n , i . e . u n t i l 
t h e r e is a un ique r e f e r e n t l e f t . These 
p o i n t s w i l l be i l l u s t r a t e d i n the res t o f 
the paper . F i r s t we i n t r o d u c e d e s c r i p t i o n 
t y p e s 
2. NAMES AND SPECIAL OBJECTS 
The s i m p l e s t fo rm of a d e s c r i p t i o n is a 
name wh ich u n i q u e l y i n d e n t i f i e s an e lement 
in the domain of d i s c o u r s e . A name is an 
atom or a d a t a s t r u c t u r e c o n t a i n i n g on l y 
names as e l e m e n t s . Sequences and se t s are 
c o n s i d e r e d to he p r i m i t i v e d a t a s t r u c t u r e s . 
F o r e x a m p l e , JOHN, [JOHN MARY JAMES] and 
(JOHN MARY JAMES) a r e e x a m p l e s of names. 
There are t h r e e s p e c i a l o b j e c t s in the 
s y s t e m . The u n d e f i n e d o b j e c t or a l l - o b j e c t , 
t he n u l l - t h i n g or empty o b j e c t , and the 
o v e r d e f i n e d o b j e c t . The names of t hese ob -
lec ts are T ( t o p ) , N IL , and 1 . ( . bo t tom; . 
?he domain of T is the u n i v e r s e of d i s c o u r -
se. The domain of NIL is the empty s e t . 
?he domain of 1 is o v e r d e f i n e d . When at a 
: e r t a i n p o i n t a s u b e x p r e s s i o n r e f e r s to the 
) v e r d e f i n e d o b j e c t , then the whole e x p r e s -
; ion r e f e r s t o the o v e r d e f i n e d o b j e c t . 
3. DESCRIPTIONS BASED ON CONCEPTS 
The second type of d e s c r i p t i o n s is of 
the form <concept> or (<concep t> < arg > . . . 
;arg >) fo r n > 1. A concept may e i t h e r be 
L f u n c t i o n , in wh ich case a un ique r e f e r e n t 
:an be computed g i ven r e f e r e n t s as a r g u -
l e n t s . For e x a m p l e , (+5 10) is a d e s c r i p -
t ion w i t h r e f e r e n t 15. But a concept need 
tot be a f u n c t i o n . For examp le , ( D i v i s o r 
2 ) i s a d e s c r i p t i o n w i t h p o s s i b l e r e f e -
•ents 1 , 2 , 3 , 4 , 6 and 12. D i v i s o r is a con-
cept but not a f u n c t i o n . 
4 . DESCRIPTIVE CONNECTIVES 
The d e s c r i p t i v e c o n n e c t i v e s dAnd , dOr, 
Not , d E i t h e r and dAncinot are used to com-
bine d e s c r i p t i o n s . They shou ld not be c o n -
tused w i t h the p r o p o s i t i o n a l c o n n e c t i v e s 
used to combine s t a t e m e n t s in p r e d i c a t e 
calculus . 
The d e s c r i p t i v e c o n n e c t i v e s r e f l e c t set-
t h e o r e t i c r e l a t i o n s between the domains o f 
the component d e s c r i p t i o n s . The r e f e r e n t 
of (dAnd d1 d 2) is an e lement out of the 
i n t e r s e c t i o n of the domains of d1 and d 2 . 
The r e f e r e n t o f (dOr d1 d 2) is an e lement 
5ut of the un ion of the domains of d1 and 
d2. The r e f e r e n t of ( d E i t h e r dl d2) is an 
element of the domain of dl or of the do-
main of d2 but not of b o t h . The r e f e r e n t 
of (dAndnot dl d2 ) is an e lement out of 
the s e t - t h e o r e t i c d i f f e r e n c e between the 
domains of d1 and d2 . (dNOT d) is an ab -
b r e v i a t i o n o f (dAndnot T d ) , i . e . dNot 
i n d i c a t e s a se t - t h e o r e t i c d i f f e r e n c e w i t h 
the domain of the a ll - d e s c r i p t i o n . Thus 
(dNot f ema le ) is e q u i v a l e n t to (dAndnot 
T f e m a l e ) . 
It is easy to prove t h a t T and NIL act 
as the i d e n t i t y and z e r o - e l e m e n t fo r these 
c o n n e c t i v e s . Ana logues e x i s t s a lso for the 
o the r p r o p o s i t i o n a l l a w s , such as De 
M o r g a n ' s . 
5. DESCRIPTIONS OF THE DOMAIN 
There are a v a r i e t y of t h i n g s t h a t could 
be know about the domain of a d e s c r i p t i o n . 
We want to have c o n s t r u c t s t h a t are ab le 
t o e x p r e s s t h i s p a r t i a l i n f o r m a t i o n . Here 
are some examples : 
ENUMERATION OF THE POSSIBLE MEMBERS. 
An e x p r e s s i o n o f the form ( E l e m e n t - o f 
X i . . . .X e x p r e s s e s the c o n s t r a i n t t h a t the 
r e f e r e n t has to be e i t h e r X 1 . . . . or X . 
For e x a m p l e , an a l t e r n a t i v e d e s c r i p t i o n 
fo r ( B r o t h e r John) c o u l d be ( E l e m e n t - o f 
George James ) . 
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PARTIAL ENUMERATION. A d e s c r i p t i o n of 
the form (INCLUDES X) exp resses t h a t the 
r e f e r e n t comes out of a domain t h a t has 
X as a member. For examp le , if it is known 
t h a t George is one of the b r o t h e r s of John 
then ( i n c l u d e s George) i s an a l t e r n a t i v e 
d e s c r i p t i o n fo r ( B r o t h e r J o h n ) . 
CARDINALITY OF DOMAIN. The d e s c r i p t i o n 
(Number -o f X) w i t h X an i n t e g e r , i n d i c a -
tes t h a t the c a r d i n a l i t y o f the domain is 
equa l to X. For examp le , if it is known 
t h a t John has two b r o t h e r s , then ( B r o t h e r 
John) can be d e s c r i b e d as (Number -o f 2 ) . 
The d e d u c t i o n r u l e s for the d e s c r i p t i v e 
c o n n e c t i v e s i n c l u d e r u l e s for d e a l i n g 
w i t h such domain d e s c r i p t i o n s . For example, 
the r e f e r e n t o f (dAnd ( B r o t h e r John) (Fr iend 
F r a n k ) ) , where ( B r o t h e r John) i s ( E l e m e n t -
of George James) and ( F r i e n d Frank) is 
( E l e m e n t - o f George M a r y ) , is equa l to 
George because George is the on ly e lement 
in the i n t e r s e c t i o n of the domains of two 
d e s c r i p t i o n s . 
6. VARIABLES 
V a r i a b l e s are d e s c r i p t i o n s which s t a r t 
out as i n d e f i n i t e members of the u n i v e r s e 
and g r a d u a l l y assume t h e i r domain as con-
s t r a i n t s a c c u m u l a t e . V a r i a b l e s are p r e c e -
ded by the symbol : and are l e x i c a l l y sco -
ped w i t h i n the e x p r e s s i o n in wh ich they 
o c c u r , a l t h o u g h they may occur anywhere in 
the d e s c r i p t i o n . For examp le , in (dAnd : 
Y 5 ) , or i t s e q u i v a l e n t (dAnd 5 : Y ) , the 
r e f e r e n t of : Y w i l l be equa l to 5• V a r i a -
b les in the d e s c r i p t i o n system thus behave 
l i k e l o g i c a l v a r i a b l e s . 
7. CONVERSE DESCRIPTIONS 
If ( Father George ) i~s a~~de sc r i pt ion for 
J o h n , then ( w i t h Father John) i s an a l t e r -
n a t i v e d e s c r i p t i o n for George. A d e s c r i p -
t i o n o f the form ( w i t h <concept> < d e s c r i p -
t i o n > i s c a l l e d a converse d e s c r i p t i o n , be-
cause it deno tes the converse of a c o n c e p t . 
8. EVALUATION 
The goa l of e v a l u a t i o n is to f i n d the 
name of the r e f e r e n t of a d e s c r i p t i o n , i . e . 
a v a l u e . When a d e s c r i p t i o n is d e f i n i t e , 
i t s r e f e r e n t can be computed and e v a l u a t i o n 
p roceeds a s o r d i n a r y a p p l i c a t i v e e v a l u a t i o n 
When the d e s c r i p t i o n is i n d e f i n i t e , the 
r e s u l t f rom e v a l u a t i o n i s a c o l l e c t i o n o f 
c o n s t r a i n t s on the r e f e r e n t , c a l l e d a c o n -
s t r a i n t c l u s t e r . 
These c o n s t r a i n t s take the form of a 
p r e d i c a t e t h a t the r e f e r e n t has t o s a t i s f y , 
g e n e r a t o r s wh ich cou ld s t a r t e n u m e r a t i o n 
of the domain i f n e e d e d , and c o n s t r a i n t s 
on the domain such as a l i s t of i t s members 
a l i s t of the e lemen ts not in the d o m a i n , 
a p a r t i a l l i s t o f the members, the c a r d i -
n a l i t y o f the d o m a i n , e t c . 
The e v a l u a t o r w i l l a t t emp t to p roceed 
w i t h the c o m p u t a t i o n even though p a r t i a l 
r e s u l t s are c o n s t r a i n t c l u s t e r s . D e d u c t i o n 
r u l e s for the d e s c r i p t i v e c o n n e c t i v e s 
ope ra te over c o n s t r a i n t c l u s t e r s . 
For e x a m p l e , i f the c o n s t r a i n t c l u s t e r s 
o f two d e s c r i p t i o n s c o n t a i n s p r e d i c a t e s , 
then the c o n s t r a i n t - c l u st er of the c o n j u n c -
t i o n o f the two d e s c r i p t i o n s w i l l c o n t a i n 
the A N D - c o n j u n c t i o n o f the two p r e d i c a t e s . 
Thus (dAND ( G r e a t e r t h a n 10) ( L e s s t h a n 5)) 
r e s u l t s i n ( ( P r e d i c a t e ( lambda ( x ) ( a n d 
(> x 10)(< x 5 ) ) ) ) ) -
The e v a l u a t i o n p rocess w i l l a lso a t t emp t 
t o apply f u n c t i o n s t o c o n s t r a i n t c l u s t e r s . 
For examp le , when an e x p l i c i t domain is 
known, c o m p u t a t i o n s can be pe r fo rmed by 
mapping the f u n c t i o n . For examp le , ( + ( e l e -
men t -o f 1 2) ( e l e m e n t - o f 3 4) is equa l to 
( e l e m e n t - o f 4 5 6 ) . 
Note however t h a t i t is p o s s i b l e to spe-
c i f y d e s c r i p t i o n s whose r e f e r e n t w i l l not 
be computab le because i t would r e q u i r e the 
i n t r o d u c t i o n of much more know ledge . For 
examp le , the d e s c r i p t i o n (dAnd Even Pr ime) 
has on ly one r e f e r e n t , namely 2, but t h i s 
cannot be d e t e r m i n e d from knowing p r e d i c a -
tes or g e n e r a t o r s on the component d e s c r i p -
t i o n s t h e m s e l v e s . 
9. CONCLUSION 
We argued for the i n t r o d u c t i o n o f i n d e -
f i n i t e d e s c r i p t i o n s , s ke t ched some l i n g u i s -
t i c c o n s t r u c t s and b r i e f l y i n d i c a t e d a 
p o s s i b l e e v a l u a t i o n . 
REFERENCES 
[1] A t t a r d i and Simi (1982) Semant ics of 
i n h e r i t a n c e and a t t r i b u t i o n in the 
d e s c r i p t i o n system OMEGA. MIT-AI l a b . 
Memo. 642 
[2] B o r n i n g , A. (1979) THINGLAB, A. 
C o n s t r a i n t o r i e n t e d s i m u l a t i o n l a b o r a -
t o r y . Xerox Parc Report 55L~79_3 
[3 ] Hew i t t ,Ca r l (1977) V iew ing c o n t r o l s t r u c -
t u r e s as P a t t e r n s o f Pass ing Messages. 
AI J o u r n a l 8, n° 3. PP. 323-364 
[4] H e n d e r s o n , P. and J. M o r r i s (1976) A 
lazy e v a l u a t o r . P r o c e e d i n g s o f the 
3d POPL Symposium, A t l a n t a George 
[5 ] K o r n f e l d , B. (1983) E q u a l i t y fo r PRO-
LOG. I J C A I - 8 3 , K a r s l r u h e 
[6] K o w a l s k i , R. (1978) Logic fo r p rob lem 
S o l v i n g . N o r t h - H o l l a n d , Amsterdam 
[7] S t e e l e , G. and J. Sussman (1980) Con-
s t r a i n t s . MIT A . I . Las Memo 502 
[8] W i n o g r a d , T. (1983 ) Language as a c o g -
n i t i v e p r o c e s s . P r e n t i c e - H a l l , Eng le 
wood C l i f f . 
